I. Preamble
The granting of clinical staff privileges to physicians is a primary mechanism used by institutions to uphold the quality of care. The Joint Commission on Accreditation of Health Care Organizations requires that the granting of continuing medical staff privileges be based on assessments of applicants against professional criteria specified in the medical staff bylaws. Physicians themselves are thus charged with identifying the criteria that constitute professional competence and with evaluating their peers accordingly. Yet, the process of evaluating physicians' knowledge and competence is often constrained by the evaluator's own knowledge and ability to elicit the appropriate information, problems compounded by the growing number of highly specialized procedures for which privileges are requested.
The American College of Cardiology/American Heart Association/American College of Physicians-American Society of Internal Medicine (ACC/AHA/ACP-ASIM) Task Force on Clinical Competence was formed in 1998 to develop recommendations for attaining and maintaining the cognitive and technical skills necessary for the competent performance of a specific cardiovascular service, procedure, or technology. These documents are evidence-based, and when evidence is not available, expert opinion is utilized to formulate recommendations. Indications and contraindications for specific services or procedures are not included in the scope of these documents. Recommendations are intended to assist those who must judge the competence of cardiovascular health care providers entering practice for the first time and/or those who are in practice and undergo periodic review of their practice expertise. The assessment of competence is complex and multidimensional; therefore, isolated recommendations contained herein may not necessarily be sufficient or appropriate for judging overall competence.
The ACC/AHA/ACP-ASIM Task Force makes every effort to avoid any actual or potential conflicts of interest that might arise as a result of an outside relationship or personal
II. Introduction

A. Organization of Committee and Evidence Review
This document is a revision of the 1995 ACP/ACC/AHA Clinical Competence Statement in Electrocardiography. The Writing Committee consisted of acknowledged experts in electrocardiography representing the ACC (five members), and the AHA (two members). Both the academic and private practice sectors were represented. The document was reviewed by three official reviewers nominated by the ACC, three official reviewers nominated by the AHA, the ACC Clinical Electrophysiology Committee, the Electrocardiography and Arrhythmias Committee of the Council on Clinical Cardiology, and 16 content reviewers nominated by the Writing Committee. On August 31, 2001 , the document was approved for publication by the ACC Board of Trustees and the AHA Science Advisory and Coordinating Committee. This document will be considered current unless the Task Force revises or withdraws it from distribution. In addition, the governing board of the International Society for Holter and Noninvasive Electrocardiology has formally endorsed this document.
B. Purpose of This Clinical Competence Statement
This competence statement is one in a series developed by the ACC and the AHA to assist in the assessment of physicians' competence on a procedure-specific basis. The minimum education, training, experiences, and cognitive and technical skills necessary for the competent reading and interpretation of electrocardiograms (ECGs) and ambulatory electrocardiograms (AECGs) are specified. It is important to note that these are minimum training and experience recommendations for competence in these disciplines (or procedures) in a broad sense. Expertise in the performance of these procedures in patients with infrequently encountered diagnoses, or of less commonly performed variations of standard procedure, may well require additional experience or training. It is therefore expected that even highly competent practitioners will occasionally benefit from consultations with colleagues who have specialized interest, experience, or skills. It is recognized that other physicians not meeting these criteria may provide preliminary interpretations of ECGs in selected circumstances such as emergencies or settings in which a formally trained physician is not available. In such circumstances, a formally trained physician should be accessible to provide backup support. This document applies to specialists trained in internal medicine and/or adult cardiology who are interpreting ECGs of adults. The interpretation of pediatric ECGs requires special competence and is not covered by the guidelines developed here.
C. Background
Introduced in 1902 by Einthoven, electrocardiography is the graphical display of electrical potential differences of an electric field originating in the heart as recorded at the body surface. 1 As a record of electrical activity of the heart, it is a unique technology that provides information not readily obtained by other methods. In fact, recording of the resting 12-lead ECG continues to be the most commonly used laboratory procedure for the diagnosis of heart disease. The procedure is safe, simple, and reproducible; the record lends itself to serial studies; and the relative cost is minimal. The development of portable devices to record ECGs led to the development of AECG recordings and expanded the use of this technique to the diagnosis of transient arrhythmias, providing crucial information at the time that symptoms occur. An AECG can be obtained via continuous recorders (Holter monitors) or with intermittent recorders (also known as event monitors or loop recorders) and is used for patients with infrequent symptoms, in whom a clinical correlation is needed.
The indications, contraindications, and recommendations for the minimum education, training, experience, and skills necessary to interpret AECGs and surface electrocardiography are derived primarily from the ACC/AHA Guidelines for Ambulatory Electrocardiography, 2 
III. Twelve-Lead ECGs
A. Overview and Indications for the Procedure
There are numerous potential clinical uses of the 12-lead ECG. The ECG may reflect changes associated with primary or secondary myocardial processes (e.g., those associated with coronary artery disease, hypertension, cardiomyopathy, or infiltrative disorders), metabolic and electrolyte abnormalities, and therapeutic or toxic effects of drugs or devices. Electrocardiography serves as the gold standard for the noninvasive diagnosis of arrhythmias and conduction disturbances, and it occasionally is the only marker for the presence of heart disease. 6 As is the case with any other laboratory procedure, appropriate and accurate use of the ECG requires that its sensitivity and specificity be understood and considered in the interpretation of the recording. This is somewhat more complex for ECGs than for many other laboratory tests because ECGs are composed of a number of waveforms, each with its own sensitivity and specificity and each influenced differently by a variety of pathologic and pathophysiologic factors.
In the diagnosis of arrhythmias and conduction disturbances, sensitivity and specificity of ECGs are far higher than in the diagnosis of structural and/or metabolic abnormalities. In the latter, the diagnosis is made by inference-based on extensive studies correlating the ECG tracings with a variety of clinical, pathological, and experimental states-and as such has limitations. There are far more structural and pathophysiologic abnormalities than recognizable ECG patterns, which results in considerable overlap and thus reduces the specificity of ECGs for many forms of heart disease. For example, although ST-segment and T-wave changes are the most common and most sensitive ECG abnormalities, these changes are the least specific. 7 The technological development of powerful personal computers enabled the development of extremely sophisticated signal processing algorithms, introducing another dimension in the usefulness of ECG recordings. Analysis of RR intervals; QRS and T-wave morphology, including late potentials; QT dispersion; and T-wave alternans are currently being evaluated as prognostic markers in patients with structural heart disease. 8 In addition, transtelephonic monitoring of implanted devices has become a standard technique of evaluating and following patients. Because training in these new modalities has not been standardized, neither the 12-lead ECG portion nor the AECG portion of this document will deal with these new technologies.
B. Minimum Knowledge Necessary for Competence in Interpreting 12-Lead ECGs
Electrocardiograms are interpreted by physicians in many specialties, including cardiology, internal medicine, family practice, and emergency medicine. Interpretative skills vary among specialists. 9 The Institute for Clinical Evaluation (ICE) is a foundation of the American Board of Internal Medicine (ABIM) that offers certifying examinations in clinical skills. A physician in any specialty whose interpretations of ECGs contribute to clinical decision-making should have a sufficient knowledge base to make accurate diagnoses.
An adequate knowledge base should include the ability to define, recognize, and understand the basic pathophysiology of certain electrocardiographic abnormalities. A categorical list of those abnormalities is displayed in Table 1 . This is a minor modification of the diagnosis list used in the ECG Self-Assessment Program III (ECGSAP III) and the ABIM ICE ECG Exam. 10, 11 The ECGSAP I, II, and III were developed by the ACC to provide physicians with a means to compare their proficiency in ECG interpretation to that of others and to improve their own proficiency. These programs are also intended to help physicians prepare for the ECG exam. The ECGSAP III has recently become available. A competent ECG reader should also be able to recognize potential clinical diagnoses on the basis of ECGs. Clinical syndromes are listed under Clinical Disorders in Tables 1 and  2 . Although these clinical syndromes do not always produce a diagnostic ECG pattern, ECG interpreters should recognize the characteristic patterns.
Electrocardiogram readers should understand the importance of comparing a current tracing to previous tracings in order to make correct diagnoses. All abnormal tracings should be compared with available previous tracings. The accuracy of some diagnoses may be considerably enhanced by reviewing previous tracings. Some examples are listed in Table 3 .
C. Technical Aspects of ECG Recording and Interpretation
Accurate electrocardiographic interpretation assumes that technical standards are adhered to during the acquisition and recording of tracings. A number of technical factors may alter the quality of recorded ECGs. Some of these are patientrelated, some are operator-dependent, and others relate to the equipment utilized for recording. Errors or variances in technical practice must be recognized by the physician if tracings are to be interpreted appropriately.
Patient-related technical factors include muscle tremors and movement that may impair the quality of recordings. Failure to minimize and recognize artifacts while recording, and failure to recognize artifacts during interpretation, may result in an incorrect diagnosis of arrhythmias and may lead to unnecessary interventions and treatment. 12 Variations in body habitus (e.g., marked obesity, presence of chronic lung disease) may influence an ECG and should be noted at the time of recording.
Operators recording ECGs should ensure that chest leads are placed in the proper position and electrodes make good skin contact to minimize artifacts. Incorrect placement of precordial leads may lead to a false diagnosis of infarction. The reversal of limb leads and the switching of precordial leads have been well-documented to cause alterations in ECGs. 13 The presence of dextrocardia must be ascertained at the time of recording in order to correctly revise lead placement. Care must be taken to avoid using excess paste with electrode systems that require conductive skin paste. Excess paste may create "common" electrodes and contribute to errors in recording precordial leads.
Calibration marks or clear notations should be inscribed on each ECG tracing to enable interpreter to determine the paper speed and gain settings used in recording. Standard settings of 25 mm per s and 10 mm per mV should be used unless otherwise indicated on the tracing. Because of the possibility of electrical hazards resulting from current leakage in the recording apparatus, equipment must be checked at regular intervals to ensure that standards for current leakage are met. 14 -18 The ultimate responsibility for making a correct interpretation of an ECG lies with the interpreting physician. Thus, it is incumbent upon the physician to be able to recognize aberrations and artifacts resulting from the above technical variations.
D. Computer Interpretation of ECGs
Several studies have examined the accuracy of computer ECG interpretation programs and have suggested that computer analysis cannot substitute for physician interpretation of ECGs. 19 -22 A systematic study of computerized ECG interpretation performed in 1991 demonstrated that computer programs were 6.6% less accurate, on average, than cardiologists at identifying ventricular hypertrophy and myocardial infarction (MI). 22 The best programs performed almost as well as experienced cardiologists in the interpretation of ECGs. However, disturbances in rhythm were not evaluated in that investigation, and anecdotal experience suggests that computer interpretation has a higher rate of error in analysis of rhythm than it does in the diagnosis of MI and hypertrophy. A more recent Japanese study 21 compared what has generally been the best-performing automated ECG interpretation program with readings by 25 physicians in their first two years of training and three cardiologists. Although the computer interpretation was usually accurate in diagnosing axis deviation and sinus tachycardia or bradycardia, it performed far less well than physicians-in-training in evaluating bundle branch block and QT interval. Overall, the falsepositive and false-negative rate was 18 times higher for computer interpretations than for physicians-in-training in major ECG diagnoses. In addition to the lower accuracy of computer interpretation programs, comparison with prior ECG tracings, which is an important element in the interpretation of ECGs, is not a feature of current-generation computerized interpretation systems. Thus, it is mandatory that all computer-interpreted ECGs be verified and appropriately corrected by an experienced electrocardiographer. However, computerized interpretation of ECGs may be useful in the precise calculation of heart rate, conduction intervals, and axes, as long as manual over-reading occurs. Some computerized ECG interpretation programs may occasionally provide correct interpretations for ECGs that have been incorrectly read by physician readers. 19 Newer processing techniques (e.g., neural networks) may improve the accuracy of computerized ECG interpretation, but these have not been well-validated. 19 Thus, although computer interpretations of ECGs may have useful adjunctive value, they cannot substitute for interpretations by experienced electrocardiographers and should not be used in making clinical decisions.
E. Minimum Training Necessary for Competence in Interpreting 12-Lead ECGs
Training of electrocardiography varies greatly, especially among medical specialties. Likewise, the electrocardiographic knowledge required for board-certification varies greatly among the medical specialties. Nevertheless, electrocardiographic interpretation requires a basic knowledge of electrocardiographic technology, cardiac anatomy, and cardiac physiology as well as the ability to recognize diagnostic patterns on a 12-lead tracing. The training necessary for electrocardiographic technology is summarized in Table 4 . The required education in cardiac anatomy and physiology is listed in Table 5 . Pattern recognition, which is an essential component of ECG interpretation, is learned only through repeated exposure to the patterns. Repeated exposure is especially important because of the need to visually recognize the many diagnostic variations. Although there is no scientific study to rely on, we estimate that most physicians can obtain competence only after reading at least 500 tracings under the supervision of an expert electrocardiographer. These tracings must include examples of the diagnoses listed in Tables 1 and  2 (these may be provided by a teaching set of ECGs). Completion of a residency or fellowship does not guarantee adequate training in electrocardiography 23 ; therefore, documentation of the number of ECGs interpreted under supervision is recommended. We would recommend prospective data that would correlate competence with the number of tracings read and whether the number or frequency varies significantly among learners or among learning environments.
As with other diagnostic tests, knowledge of clinical data may aid in the interpretation of ECGs and, in turn, enhance their ability to provide clinically useful information. The interpretation of ECGs should not be taught solely by over-reading of tracings with students on the ECG reading service, but it should also be taught at the bedside and in the clinic. In addition, acquisition of the skill required to interpret 
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an ECG as an over-reader having no knowledge of a patient's clinical condition may require a higher level of training and expertise. 
F. Measurement of Competence in 12-Lead Electrocardiography
G. Maintaining Competence in the Interpretation of 12-Lead ECGs
Maintaining competence in the interpretation of 12-lead ECGs also requires ongoing practice. If interpretations are made only occasionally, arrhythmia may be missed or inappropriately diagnosed, particularly when there is a change in the recording system, analysis system, or technical personnel in the laboratory performing the ECG. This Task Force recommends a minimum of 100 interpretations a year to maintain competence. A study validating this would be welcome. In addition, electrocardiographers should periodically assess their reading skills. Though electrocardiography is the most static of the cardiological technologies, knowledge of the significance, sensitivity, specificity, and frequency of both old and newly recognized electrocardiographic patterns is continuously evolving. Examples from the past decade include Brugada Syndrome, the use of right chest leads to diagnose right ventricular infarction, recognition of new infarct patterns, particularly those indicative of proximal left anterior descending occlusion, and of infarction in the presence of left bundle branch block, and the realization that Q-waves do not necessarily indicate irreversible MI. Because electrocardiographic interpretation is often done without knowledge of the patient's clinical status or subsequent follow-up, electrocardiographers do not often receive feedback that enables them to correct errors and improve. Thus, periodic self-assessment and retraining in electrocardiography are necessary. Numerous resources are available for self-assessment and continuing education in electrocardiography. These may include ACC electrocardiography selfassessment programs, electrocardiography workshops at the ACP-ASIM annual session, sessions provided by other national and international organizations, and other seminars and case conferences approved for continuing medical education credit. Clinicians credentialed to interpret ECGs should routinely participate in quality improvement activities such as having a number of ECGs over-read by colleagues and participating in periodic discussions of systemic issues involving ECG acquisition and interpretation. Ideally, these activities should result in procedural changes and improvements in skills, patient care, and patient outcomes.
IV. AECG Monitoring
A. Overview and Indications for the Procedure
Ambulatory electrocardiography is used in clinical practice to detect, document, and characterize occurrences of abnormal cardiac electrical behavior of the heart during ordinary daily activities. Because certain abnormalities may occur only during sleep or with mental, emotional, or exercise-induced changes in cardiac oxygenation or function, an ECG may need to be recorded over long periods of time. There are two categories of AECG examination: continuous recordings (typically used for 24 to 48 h) and intermittent recordings that may be made over long periods of time to provide brief recordings. 24 -29 Some intermittent event recorders incorporate a memory loop that permits capture of very fleeting symptoms, tachycardia onset, and in some cases, syncope of infrequent occurrence. 24 Granting clinical staff privileges to physicians to interpret AECGs is one of the mechanisms used by hospitals to ensure quality of care. Ambulatory electrocardiography is frequently performed and interpreted in the setting of a physician's office. This section describes the minimum education, training, experience, and cognitive/technical skills necessary for competent ambulatory electrocardiographic interpretation. These criteria are applicable to any practice setting and provide a reference for physicians involved in either the granting of clinical privileges or peer review.
The indications for ambulatory electrocardiography are discussed in the ACC/AHA Guidelines for Ambulatory Electrocardiography. 2 Current continuous ambulatory electrocardiography equipment is capable of providing analysis of the multiple parameters of cardiac electrical activity, including arrhythmia analysis, analysis of ST-segment shifts, and assessment of heart rate variability. There are no specific guidelines that distinguish patients for whom it is appropriate to perform continuous monitoring from those for whom intermittent ambulatory monitoring is adequate. However, when monitoring is performed to evaluate the cause of intermittent symptoms, the frequency of symptoms should dictate the type of recording. Continuous recordings are indicated for the assessment of frequent (at least one a day) symptoms that may be related to disturbances of heart rhythm, for the assessment of syncope or near syncope, and for patients with recurrent unexplained palpitations. 30 -39 (See the ACC/AHA Guidelines for Ambulatory Electrocardiography for additional Class IIb Indications.) By contrast, for patients with infrequent symptoms, intermittent event recorders may be more cost-effective in evaluating the cause of symptoms. 40 In some clinical situations, a continuous monitor followed by intermittent event monitoring may be clinically appropriate. For patients receiving antiarrhythmic therapy, continuous monitoring is indicated to assess drug response, to monitor the rate of atrial fibrillation, and to exclude proarrhythmia. [41] [42] [43] [44] This is predicated on there being sufficient baseline ectopy to determine any changes caused by therapy. Continuous ambulatory monitoring is indicated for the analysis of patients with pacemakers or implantable cardioverter defibrillators (ICDs); for the evaluation of frequent palpitations, syncope, or near syncope; to assess the device for myopotential inhibition and pacemaker mediated tachycardia; and to assist in the optimization of physiologic programming. [45] [46] [47] [48] [49] Continuous monitoring is also indicated for the evaluation of potential pacemaker or ICD failure and in the assessment of concomitant drug therapy. The assessment of silent ischemia may be facilitated by continuous ambulatory monitoring. 50, 51 This may include screening for ischemia as well as assessment of anti-ischemic therapy.
Ambulatory monitoring by either continuous or intermittent recorders is safe. However, if the use of ambulatory monitoring results in a delay in hospitalization or treatment, the procedure is contraindicated. This could include those cases in which the patients' symptoms of altered consciousness or palpitations have an etiology identified by history, physical examination, or laboratory tests. Use of ambulatory 
B. Minimum Knowledge Necessary for Competence in Interpreting AECGs
Ambulatory electrocardiography is a subdivision of clinical electrocardiography, and for this reason, the criteria for competence are frequently the same as those for classic electrocardiography. The electrocardiographic diagnoses listed in Table 1 , that can be diagnosed using AECGs, include items 4 through 39, 41 through 44, 47 through 49, 51 through 60, and 79 through 88. There are, however, technical and cognitive aspects peculiar to AECGs that require additional knowledge (Table 6 ). Because of the many differences in recording, analysis, and reporting systems, this document can address only the features common to all ambulatory electrocardiographic systems. However, it is important that physicians who make interpretations understand the equipment and techniques used to perform AECGs and are familiar with the specific system used in their own laboratories. Physicians are rarely involved in the data collection and processing phases of AECGs. However, physician over-reading is essential. Regardless of the processing method, physicians should be aware of the potential for false-positive or false-negative findings in arrhythmia detection and classification (Table 7 ) and in the diagnosis of myocardial ischemia (Table 8) .
C. Technical Aspects of Interpreting AECGs
Ambulatory electrocardiography has the potential for producing a substantial amount of invalid data because of technical problems inherent in the recording and analytic processes. The ambulatory state is not stable in most cases. Noise interference from numerous sources that may occur over a 24-h recording period is a major cause for computer inaccuracies in both arrhythmia and ST-segment shift recognition and analysis. Many of the potential sources of error in the computer analysis systems are quite complex, and expertise in the technical aspects of AECGs requires an understanding not only of computer algorithms for the detection of QRS complexes and their classification but also of the problems associated with editing the computer analysis results. Physicians who interpret AECGs should have the knowledge base to assess all potential technical failings. Consequently, systems with full disclosure capabilities are preferred by many clinicians because they can "read" the tracing much as they read a 12-lead ECG. The standard 12-lead ECG has also proved to have adjunctive value in the interpretation of AECGs. 52
D. Minimum Training Necessary for Competence in Interpreting AECGs
Prerequisite to minimal competence in ambulatory electrocardiography is competence in interpreting standard 12-lead ECGs. These recommendations address the special educational and cognitive skills needed to assess heart rate variability, cardiac pacemakers, and ICDs by ambulatory electrocardiography. Training should result in the cognitive skills needed to interpret AECGs, as listed in Table 6 . In addition, depending on the AECG instrumentation utilized, a variety of factors can result in false-positive or false-negative findings in assessing cardiac arrhythmias (Table 7) or myocardial ischemia (Table 8) . Knowledge of these artifactual or transient physiological changes is incumbent upon physicians rendering interpretations of AECGs.
There may be several ways to achieve these skills. It is essential that the number of AECG interpretations made under the review and guidance of experienced faculty be sufficient to expose the trainee to most of the technical and physiological phenomena that tend to confound accurate interpretation. Many physicians acquire the knowledge required for AECG interpretation in a training program during a residency or fellowship and supervised interpretation of 150 AECGs in the norm. 3 This Task Force recommends that supervised interpretation of a minimum of 150 AECGs be considered necessary for minimum competence. At the discretion of the program director, this experience may be gained, in part, from a teaching set of AECGs. Educational teaching should include a wide range of typical and atypical AECG records that exemplify common and uncommon problems. First-hand interaction with an operator of Holter instrumentation would enable a trainee to appreciate the recording and analysis of artifacts and errors. This experience in AECG interpretation under the guidance of an authoritative faculty reviewer should be documented in a permanent logbook of the training program within that institution.
A physician may become competent in interpreting AECGs by attending well-designed courses conducted by an expert in ambulatory electrocardiography, coupled with studies of teaching sets comprising representative recordings and subsequent interpretations of these recordings. All the requirements listed in the previous paragraph must be met. 
E. Maintaining Competence in the Interpretation of AECGs
Maintaining competence in ambulatory electrocardiography requires a continual updating of technological knowledge and an ongoing accrual of experience in the interpretation of AECGs. If interpretations are made only occasionally, arrhythmia may be missed or inappropriately diagnosed, particularly when there is a change in the recording system, analysis system, or technical personnel in the laboratory performing the AECG. This Task Force recommends a minimum of 25 interpretations a year to maintain competence. Currently, there are no formal data to document a correlation between the frequency of AECG interpretation and practitioner competence. Continuing competence as a part of quality assurance programs may be assessed by reviewing a random sample of AECG interpretations performed by the physician requesting continuing privileges. This sample should be examined by an acknowledged expert in ambulatory electrocardiography or one who is currently training physicians in the interpretation of AECGs. If no one within an individual institution is qualified to review a candidate's experience and cognitive skills, a qualified outside expert should be consulted.
